were used to detect directly the contaminations of cardamom samples.
Introduction
Elettaria cardamomum (the usual type of cardamom) is used as a spice, a masticatory, and in medicine; it is also smoked sometimes. In Saudi Arabia, green cardamom powder is used as a spice for sweet dishes as well as traditional flavouring in coffee and tea. Cardamom pods are ground together with coffee beans to produce a powdered mixture of the two, which is boiled with water to make coffee. The countries in the western Asian region like Saudi Arabia, United Arab Emirates, and India have maximum consumption and these countries share around 60% of the world's consumption (Chempakam and Sindhu, 2008) .
Because of their tropical origin, and the methods used in their production, spices are frequently heavily contaminated with xerophilic fungi (Hocking, 1981; Pitt and Hocking, 2009 ).
Aspergillus, Eurotium and Penicillium species are often the dominant flora of dried, whole or ground spices (Pitt and Hocking, 2009 ). Mycobiota of cardamom were studied in several places around the world (Hocking, and Pitt, 1988; E1-Kady et al., 1992; Banerjeea et al., 1993; Elshafie et al., 2002; Moorthy et al., 2010; Sumanth et al., 2010) . Spices are largely produced in countries where tropical climates (high ranges of temperature, humidity and rainfall) are favorable to mycotoxins contamination (Hussain, et al., 2012) . Furthermore, they are usually dried on the ground in the open air in poor hygienic conditions that even more promote growth of moulds and production of mycotoxins (Martins et al., 2001 ).
Aflatoxins are toxic, mutagenic, carcinogenic and immunosuppressive agents, produced as secondary metabolites by the fungus A. flavus and A. parasiticus on a variety of food products. While ochratoxin A is reasonably anticipated to be a potent nephrotoxin in animals as well as in humans. Several works have been published around the world focused on the contamination of different species with Aflatoxins (Aziz et al. 1998; Martins et al., 2001; Fazekas et al. 2005; Zinedine et al., 2006; Romagnoli et al., 2007) and ochratoxin A (Thirumala-Devi et al., 2001; Taniwaki et al., 2003) .
In Saudi Arabia, two extensive studies (Bokhari, 2007; Hashem and Alamri, 2010) 
Materials and Methods
Samples A total of 80 cardamom samples were collected from different retailers agencies in the spice market of the western region of Saudi Arabia (Taif, Makkah, and Jeddah) during the months January and June 2014. Each sample was put into the sterile cellophane bag and then put into the sterile brown envelope and stored at 4℃ .Cardamom samples were usually found outside, kept in metal or plastic containers, wooden boxes or gunny bags.
Mycobiota determination Mycobiota of the collected samples
was isolated by Agar Plate Method used Potato Dextrose Agar (PDA) supplemented with 0.5 mg Chloramphenicol /mL antibiotic is used to inhibit the bacterial growth (Hashem and Alamri, 2010) .
Five replicates were made and the plates were incubated at 25℃
for 5-7 days. The fungal species were identified and characterize based on their morphological characters and microscopic analysis by using taxonomic guides and standard procedures (Neergaard, 1973; Watanabe, 2002; Pitt and Hocking, 2009 ). The relative importance values (RIV) were calculated for each fungal species (Ali-Shtayeh et al., 1988) .
Molecular identification of fungal isolates
For DNA extraction, all the collected fungal isolates cultivated in tubes on PDA slants. Two ml of potato dextrose broth (PDB) poured into PDA tubes and vortexed to disperse the spores, and the spores-PDB mix poured into flasks containing 100 mL of PDB. Flasks incubated at room temperature without shaking for 2 to 3 days. The mycelium harvested by filtration, frozen at −80℃ during 30 min, lyophilized and stored at −80℃. The mycelium ground in liquid nitrogen in a sterile mortar to obtain a mycelium powder. The DNA extracted from 20 mg of mycelium powder using DNeasy plant mini kit. The DNA quantity and quality checked by electrophoresis on a 0.8% agarose gel revealed with ethidium bromide and visualized by UV trans-illumination. The internal transcribed spacer (ITS) region of the ribosomal DNA (rDNA) amplified by PCR with the primers ITS1 (CTTGGTCATTTAGAGGAAGTAA) and ITS4 (TCCTCCGCTTATTGATATGC) (White et al., 1990; Gardes and Bruns, 1993) . PCR amplifications performed in a final volume of 50 μL by mixing 2 μL of DNA with 0.5 μM of each primer, 150 μM of dNTP, 6 U of Taq DNA polymerase and PCR reaction buffer. Amplification conducted in a thermal cycler with an initial denaturation of 3 min at 94℃, followed by 35 cycles of 1 min at 94℃, 1 min at 50℃, 1 min at 72℃, and a final extension of 10 min at 72℃. Aliquots of PCR products checked by electrophoresis on a 1% agarose gel revealed with ethidium bromide and visualized by UV trans-illumination. The PCR products sequenced using primers ITS1-F and ITS4. For each PCR product, sequences from both strands were assembled to produce a consensus sequence. Sequences were submitted to GenBank on the NCBI website (http://www.ncbi.nlm.nih.gov). Sequences obtained in this study were compared with the GenBank database using the BLAST software on the NCBI website (http://www.ncbi.nlm.nih.
gov/BLAST/).
ITS sequence and phylogenetic analysis DNA sequences were aligned first with Clustal X 1.81 (Thompson et al., 1997) .
TREECON (Van De Peer and De Wachter, 1994) for Windows (version 1.3b, 1998) was used to construct a neighbor-joining tree using Jukes-Cantor model (Jukes, and Cantor, 1969) .
Detection of the natural occurrence of Aflatoxins Detection of
total aflatoxins in cardamom samples were carried out according to VICAM Procedure (VICAM inc. 1999) . Three replicates of each cardamom flour sample, equivalent to 50 g dry matter, were blended with 5 g of sodium chloride and 100 mL mixture of methanol and water (8:2 v/v) at high speed for 1 min using a blender. The mixture was filtered through fluted filter paper (Whatman 2 V, Whatman, Middlex). The filtrate (15 mL) was diluted (1:4) with distilled water, re-filtered through glass microfibre filter paper (Whatman, Middlex, UK). The filtrate (10 mL) was passed through an aflatest immunoaffinity columns (VICAM, Watertown, MA, USA) at a rate of 1-2 drops/second. Distilled water (10 mL) was passed through the column at 1-2 drops/second and repeated once more until no bubbles come through the column. Toxins were eluted from the columns with 1 mL HPLC grade methanol at the rate of 1-2 drops/second into a glass cuvette, mixed with freshly made 1 mL aflatest developer and its fluorescence measured in a precalibrated flourometer (VICAM V1 series 4, VICAM, Watertown, MA). LOD was interpolated at 1.0 µg/kg.
Detection of natural occurrence of Ochratoxin A. Ochratoxin
A was measured using ochraprep immunoaffinity column procedure. Ten ml of diluted extract through the ochraprep immunoaffinity column was passed at a rate of about 1-2 drops/s, followed by column washing by buffer solution and 1.5 mL of ochratoxin elution solution through the ochraprep column at a rate of 1 drop/s. The collected sample eluted (1.5 mL) in a glass cuvette, mixed well and placed the cuvette in a calibrated fluorometer and ochratoxin concentration was measured after 60 s. blender for 5 min with methanol (100 mL) containing 0.5% NaCl and the above mentioned procedures were applied.
Determination of toxigenic potential of fungi

Molecular detection of mycotoxigenic fungi in cardamom
samples Fungal DNA was isolated from cardamom samples by enrichment technique. One gram of the sample was cultured in Erlenmeyer flasks containing 50 mL of Potato Dextrose Broth tubes (PDB), which were incubated at 30℃ for 24 h in an orbital shaker (140 rpm). DNA extraction was carried out starting from 200 mg of filtered culture frozen with liquid nitrogen and ground using a mortar and a pestle. All extractions were carried out in triplicate.
Elution was carried out in one step adding 100 μL of elution buffer
(TE).
Aspergillus flavus Specific PCR assays were carried out using the primers FLA1 (5′-GTAGGGTTCCTAGCGAGCC-3′) and niger showed 420 bp PCR product (González-Salgado et al., 2005b) .
Results and Discussion
Mycobiota of cardamom samples Twenty-three species belonged to 11 genera were collected from the different cardamom samples and identified from their morphological criteria and ITS sequence (Table 1 & Fig. 1 ). Sequences were submitted to GenBank on the NCBI website (http://www.ncbi.nlm.nih.gov). The sequence results were deposited in GenBank under accession numbers from LN835252to LN835274.
The average total counts of the collected fungi were 2.836X10 3 CFU (Table 1) . In Egypt, E1-Kady et al. (1992) reported that the total average counts for fungi isolated from cardamom were 606.4.
The collected fungi belonged to six fungal orders (Eurotiales, Hypocreales, Sordariales, Capnodiales, Pleosporales and Mucorales). From order Eurotiales 11 species (8 aspergilli and 3 penicilli) were collected (Fig. 1) . Aspergillus was the most common genus in the different cardamom samples tested. The genus was represented in 98.75% of the samples constituting 58.74% of the total count of fungi, and had RIV of 157.49. From Saudi Arabia, Aspergillus was contaminating all nut and dried fruit samples contributing 82% and 61.1% of the total fungal counts on DRBC and DG18 respectively (Alhussaini, 2012) . Aspergillus flavus and A.niger were the most prevalent, they emerged from 95% and 90% of the samples, which comprising 29.97% and 25.74% of total fungi, and had RIV of 124.97 and 115.74, respectively. From Aspergillus 6 species (A. candidus, A. chevalieri, A. ochraceous, A. parasiticus, A. repens and A. terreus) were isolated in low or rare frequency of occurrence. In the Sultanate of Oman A. niger isolated with 65.9 CFU / g from 3 cardamom samples (Elshafie et al., 2002) . (Sumanth et al., 2010) 
. Recently
Aspergillus parasiticus, A. niger, A. flavus and A. ochraceus were isolated from cardamom from India (Jeswal and Kumar, 2015) .
Penicillium was isolated in a high frequency of occurrence which accounting 81.25% of the samples and 22.12% of total fungi and had RIV of 103.37. It was represented by 3 species (P. chrysogenum, P. citrinum and P. verrucosum) of which P. chrysogenum was the most prevalent which recovering from 65% of total samples and comprising 18.76% of total fungi. Also, Bokhari (2007) isolated Penicillium chrysogenum and P.
verrucosum from 100 and 60% of cardamom samples collected from Jeddah, respectively. Penicillium brevicompactum was the only Penicillium species isolated from 10 samples of green cardamom in Aseer region (Hashem and Alamri, 2010) . From India Penicillium citrinum and P. verrucosum were isolated from green cardamom, their average total counts were 1.8X10 2 and 2.2X10 
2010) while on another study in cardamom from India
Cladosporium fulvum and C. oxysporum were the only Cladosprium spp. contaminated the investigated samples (Ramesh and Jayagoudar, 2013) . The incidences of Mucor heimalis was 3.6% of total cardamom samples instigated in India (Jeswal and Kumar, 2015) .
The remaining genera and species (Alternaria alternata,
Chaetomium globosum, Curvularia lunata, Fusarium oxysporum,
Phoma herbarum, Rhizopus oryzae, Rhizopus stolonifer and
Syncephalastrum racemosum) were isolated with low frequency and total counts as represented in table 1. The above mentioned species were previously isolated from cardamom and other species by several researchers with different incidences (Chourasia, 1995; Elshafie et al., 2002; Pitt and Hocking, 2009; Mezeal and Alwaan, 2015) .
Natural occurrence of Aflatoxins and ochratoxin A in
cardamom samples From eighty samples were tested to contaminate with aflatoxin or ochratoxin A, 64 samples (80%) contaminated with aflatoxin or ochratoxin A ( (Aziz et al., 1998; Martins et al., 2001; Thirumala-Devi, et al., 2001; ; Taniwaki et al., 2003; Fazekas et al., 2005; Zinedine et al., 2006; Romagnoli et al., 2007Bokhari, 2007 Hashem and Alamri, S. 2010; Hammami et al., 2014; Gherbawy et al., 2015) .
Aflatoxins and ochratoxin A potentials of isolated fungi
The collected isolates of fungi that belonged to Aspergillus flavus (76 isolates) and A. parasiticus (7 isolates) were screened for their abilities to produce AFs, while isolates of Aspergillus niger (72 isolates), A. ochraceus (9 isolates), Penicillim citrinum (11 isolates) and P. verrucosum (9 isolates) were screened for OTA production (Table 3) . From 76 isolates of A. flavus only 58 isolates were AFs producers, and their production ranged from 5.4 -35.5 µg/L, while from one isolate out of 7 isolates of A. parasiticus was AFs
producer (3.2 µg/L). The sclerotial and nonsclerotial isolates of
A.flavus from Alyssiearpus vaginalis and Aerva lanata produced
AFB1 and occasionally AFG1 in liquid medium (Abeywickrama and Bean, 1991) . Isolates of A. flavus isolated from different stages of developing cardamom produced aflatoxin B1 ranging from 100 4 . 5 ± 3 . 2 to 14 . 5 ± 4 . 5 Penicillim citrinum OTA 11 5 1 . 3 ± 2 . 4 to 2 . 5 ± 2 . 6 P. verrucosum OTA 9 6 3 . 8 ± 2 . 4 to 17 . 5 ± 2 . 2 to 3000 ng mL _ 1 medium (Banerjeea et al., 19993) . Recently verrucosum 5 isolates out of 11 (45.5%) and 6 out of 9 isolates (66.7%) were ochratoxigenic and their production ranges were 1.3-2.5 and 3.8-17.5 µg/L, respectively. Aspergillus niger (11.59%), and A. ochraceus (1.83%) were potential producers for OTA among the mycobiota isolated from raisins samples in Saudi Arabia (Gashgari et al., 2011) . From Cardamom samples collected from India, the percentages of OTA producers among Aspergillus niger, A. ochraceous and P. verrucosum were 40%, 20% and (Jeswal and Kumar, 2015) , while their OTA potentials ranged from 2.4 -9.8, 1.5 -6.9 and 3.0 -13.8 μg/L.
Molecular detection of mycotoxigenic fungi in cardamom
samples All collected samples of cardamom (80 samples) were subjected to enrichment technique to isolate total genomic DNA of contaminated fungal species. The collected DNA samples were amplified using specific primer pairs according to the fungal species targeted for detection. (Table 4) . , 9, 11, 14, 17, 21, 24 , 37, 39 and 70, receptively . lanes 12-14 were cardamom samples numbers 2, 27 and 57 (free A. flavus cardamom samples). M: DNA marker. Fig. 3 . Agarose gel electrophoresis of PCR products of DNA fragments specific for Aspergillus niger. Lane 1: Positive control; Lanes 2-10: DNA from cardamom samples numbers 6, 8, 9, 18, 22, 26, 28, 36, 42 and 44, respectively. M: DNA marker which could be attributed to the low-level count of this species in those samples (Table 4 ).
Detection of Aspergillus flavus
In conclusion, the studied cardamom samples show high contamination with aflatoxigenic and ochratoxigenic fungi. Also, 
